throughout the municipality. By early 2000 the CLCA had grown to include 16 village-level groups, 105 sub-village groups, and about 800 individual farmermembers. Adoption of NVS technology increased dramatically as a result.
The success of Landcare in Claveria encouraged ICRAF in 1998 to introduce the approach at its Central Mindanao field site in the municipality of Lantapan as well as other locations that shared similar conditions and farming systems Catacutan 2005) . This paper describes the implementation and assesses the impacts of the Landcare Program in Lantapan. It is based on four main sources of data: project reports and statistics; interviews with project staff and other key informants; a questionnaire survey of 104 farm households in one village (Sungco); and case studies of 12 community Landcare groups . Additional data were obtained during subsequent field visits in January and July 2005.
Background

The Lantapan Environment
Lantapan Municipality comprises 33,000 ha of sloping uplands, bordered by the Mt Kitanglad Range to the north and the Manupali River to the south (Coxhead and Buenavista 2001) . The landscape rises from river flats at 400-600 m, through a rolling middle section at 600-1,100 m, to steeply sloped mountains at 1,100-2,200 m, with an average elevation of 600 m. Almost half the area has slopes greater than 10%, with one fifth greater than 20%. Soils are generally well-drained, with clayey topsoil and subsoil, slightly to moderately acid, low in organic matter, low in cation exchange capacity, and with a high capacity to fix phosphorus. Annual rainfall is 2,470 mm and is well distributed throughout the year.
The population of Lantapan has grown rapidly from 668 in 1948 to 43,406 in 2000 due to high rates of natural increase and in-migration (Paunlagui and Suminguit 2001) . Hence the population density in 2000 was 136 persons per sq. km and the availability of arable land averaged only 0.4 ha per person. Indigenous and migrant groups each comprise about half the population. Most of the 5,500 farm households remain largely dependent on agriculture and live close to the poverty line.
Forty per cent of the land area is designated as forest-land, half of which falls within the ecologically significant Mt Kitanglad Range Natural Park. Encroachment on Lantapan's forest was initially due to logging and forest fires, but in recent decades agricultural expansion has resulted in the replacement of forest and permanent crops such as coffee by annual crops (Coxhead and Buenavista 2001) . The current pattern of land use is that maize and sugarcane predominate on the lower slopes, along with three recently established banana plantations. Moving upslope, sugarcane phases out and maize is the dominant crop. At higher altitudes, maize is cultivated along with temperate-climate vegetable crops -beans, tomatoes, cabbages, and potatoes.
The encroachment of farmers into Lantapan's forest lands and the changing pattern of agricultural land use has caused the loss of forest biodiversity as well as the degradation of soil and water resources. Coxhead and Buenavista draw two conclusions from a major environmental research project in Lantapan: 'First, the natural resource base of the Manupali watershed is undergoing degradation of a nature and at a rate without modern precedent, with potentially serious consequences especially for water quality. Second, much if not most of the degradation can be attributed directly or indirectly to the spread of intensive agricultural systems based on corn and vegetables, without the concurrent adoption of appropriate measures for the prevention of soil erosion and land quality deterioration ' (2001: 26-27 ).
The Landcare Program in Lantapan
The Lantapan Landcare program initiated in 1998 built on ICRAF's experience 
Assessing the Impacts of Landcare
Impact of Landcare on Adoption
The recorded rate of adoption of NVS and tree planting associated with the implementation of the Landcare Program was impressive. By the end of 2002 there were about 400 adopters of NVS or 7% of all farm households (Fig. 1 ). In addition, by 2002, 64 community nurseries had been established and 162,000 trees planted on farms (Fig. 2) . This reflects the particular interest of farmers in the income-earning potential of various fruit and timber tree species and hence the early emphasis on training in nursery management techniques. Of the NVS adopters, about 27% had 'enriched' the contour strips with agricultural crops (pineapple, banana, root crops, etc) and 14% with trees.
Combining adopters of the two main conservation measures -contour barriers and agroforestry -there were about 862 adopters by the end of 2002, or 16% of the total number of farm households in Lantapan (though not all households were potential adopters). The total area under conservation measures was about 1,150 ha (43% under NVS and 57% under agroforestry). This was 7% of agricultural land, 14% of maize and vegetable land, and 23% of 'environmentally critical' land, suggesting a significant impact at the landscape level.
Of course, the counterfactual question must be asked: What would the rate of adoption have been in the absence of Landcare? Clearly, adoption had already begun to accelerate by 1996 due to the activities of ICRAF and other agencies in Lantapan (Figs. 1 and 2) . However, most of the subsequent adoption can be attributed directly or indirectly to the Landcare program.
To estimate the influence of Landcare on the likelihood of adopting NVS, the main technology promoted, a logistic regression model was estimated using data from the household survey in Sungco (Cramb 2005) . 'Landcare participation' was included in the model along with a number of other independent variables (Table 1) .
Participation in Landcare was measured by an index with a scale of 1 to 4. Those who both undertook the farmer-based training in contour measures and were members of a local Landcare group (18%) were scored highest. Those who had not participated in training but were group members (9%) were ranked next. Those who had participated in training but had not joined a group (16%) were ranked third, given that one-off training was likely to be less effective than on-going participation in a group. Those who did not participate in either way (57%) were ranked lowest.
The results are presented in Table 1 , reproduced from Cramb (2005) . The equation was significant at the 1% level and provided an acceptable fit of the data.
The coefficient for the Landcare participation variable was significant at the 1% level and indicated a large effect, the odds of adoption increasing by a factor of 2.7 for each increment on the participation index, controlling for the other variables in the model. An analysis of factors affecting adoption of agroforestry would give a similar result.
Impact of Adoption on Soil Erosion, Crop Production and Income
Based on the household survey in Sungco, the perceived impacts of NVS adoption at the farm level were that soil erosion was reduced, soil fertility was maintained, and terraces were formed . There was no perceived short-term impact on crop production or farm income. In the longer term, these impacts were expected to come about, first, because yields of field crops were maintained relative to yields from unprotected land and, second, because of a transition to agroforestry as NVS were progressively enriched with productive crops, including timber species.
Bioeconomic modelling was used to assess the impacts of NVS adoption on soil erosion, yield, and net returns in a maize-maize cropping system (Mariano 2005) .
Maize was the dominant crop in Sungco and maize farmers were more likely to adopt the NVS technology. The SCUAF model (Young et al. 1998 ) was employed within a benefit-cost framework. Biophysical data (soils, climate, biomass yields) were collected from a variety of experimental and field studies. Data on maize inputs, outputs, prices and costs were collected from 10 farmer-informants.
The model predicts that annual soil erosion is reduced from around 15 tons/ha to under 5 tons/ha in the first year of adopting NVS (Fig. 3) . This accords well with ICRAF field experiments in Lantapan (Jun Mercado pers. comm.). The erosion rate continues to fall during the first three years as the slope within the alley is reduced due to terrace formation behind the NVS. In contrast, the model predicts increased annual erosion for the unprotected open-field system, rising to over 40 tons/ha by Year 20. Again, such rates have been measured in field experiments in Lantapan (Midmore et al. 2001) .
However, the impact on yield is not so marked (Fig. 4) . The yield per cultivated hectare declines more rapidly in the open field system, from around 8 t/ha/y to under 6 t/ha/y in 20 years (these figures incorporating two crops per year). But the yield under NVS has to contend with the loss of 10% of the field to the contour strips.
Hence the overall yield from the NVS system does not exceed the yield from openfield farming until Year 11. In field experiments the year-to-year fluctuation in yields due to variation in rainfall outweighs any differences attributable to NVS, making it difficult to demonstrate a statistically significant effect. As mentioned above, while farmers report a clear effect of NVS on soil erosion and terracing, they are less clear about the effect on yield.
A farm-level benefit-cost analysis shows that the impact of NVS on net returns is also less marked than might be expected (Fig. 5) . The gains from implementing NVS include the higher maize yield in future years and the saving in labour and inputs due to a reduction in the area cultivated. The losses include the foregone production from the area under NVS and the extra labour costs of establishing and maintaining the NVS. The result is that the annual net return from the open-field system falls dramatically from around 28,000 pesos/ha to 13,000 pesos/ha in 20 years, while the annual net return from the NVS system falls much less rapidly. However, the up-front costs of the NVS system, mainly due to foregone productive area, are such that farming with NVS does not outperform open-field farming until Year 11. Hence the net present value (NPV) of switching from the open-field to the NVS system for a 20-year planning horizon is negative at any positive discount rate.
Discussion
These results, though based on simple modelling, accord well with both field experiments and farmers' observations. They also confirm the findings of similar bioeconomic research in Claveria (Nelson 1996; ). The question is why so many farmers in Lantapan have adopted NVS if the gains in production and net returns are delayed to such an extent as to make the practice appear unprofitable.
The answer would seem to be that the Landcare program (including extension, training, group activities, and the overall impact on attitudes and behaviour) persuaded many farmers to adopt the practice because of its clear environmental benefits, on-and off-farm. That the practice involves no financial outlay, and a low additional input of time for training and implementation, significantly reduced the constraints to adoption of soil conservation practices identified in other studies Cramb 2000) .
In addition, farm size was an important factor in adoption ( Table 1 ), meaning that farmers with sufficient land were able to offset the early loss of output due to NVS by increasing the gross area in production. In effect, they were converting fallow-land rather than cultivated land into NVS, thereby minimising the opportunity cost of NVS.
Finally, adoption of NVS was seen as a first step in a process of farm development, culminating in the establishment of increased areas under tree crops.
This occurred both within the cultivated field (NVS enrichment) and on steeper, fallowed land.
Conclusion
The case study thus shows that, with good on-ground technical support from skilled and committed facilitators, the Landcare approach can mobilise a large number of farmers in a critical upland environment to undergo training in conservation practices and work together to implement them on individual farms. Even though the NVS technology did not provide early benefits, hence was not privately profitable when viewed in isolation, many farmers were persuaded to adopt in order to reduce soil erosion and provide the basis for a transition to a more diversified and profitable farming system incorporating agroforestry. 
